INTRODUCTION
Vladimir Hubka with colleagues Prof. Umberto Pighini and M. Myrup Andreasen, founded WDKWorkshop Design-Konstruktion -at a meeting in 1978 at Halden, Switzerland. WDK was an informal and international network of people interested in advancing knowledge about engineering design. Hubka also initiated the first international conference on engineering design, ICED 81 Rome, with emphasis on engineering, and continued to organize and support the series until 1997. A summary of his work appears in [1] . After ICED 95 Praha, I have noticed an erosion to include all designing, and down-play engineering, which has now almost disappeared from this conference series (and from others). I therefore offer this discussion to stimulate a debate about the topic.
In my opinion, a strict distinction needs to be made -'design' in the English language has two usages. As a noun, 'the design' refers to that actual manifestation of a product, a tangible object, an idea, a concept, a pattern, etc. -the way it looks, feels and behaves, the result of an intention. As a verb, 'designing' refers to the mental and other processes that occur during this activity in order to establish 'the design'. In Design Research, the main interest lies in 'designing', the verb, and in any underlying theory that can provide guidance for a method to enhance or enable designing. Design Practice at times looks for such guidance to overcome problems -when the design situation is non-routine, when expertise and competence is lacking [2] , for instance in educating novices, or in allowing experienced engineering designers to reach beyond their level of competence.
Research for activities such as design engineering follows at least six parallel paths [3] [4]:
(1) The classical experimental, empirical way of independent observing, e.g. by protocol studies, including self-observation, and impartial observation of experimental subjects, experiments, etc.: describing, abstracting, recognizing, perceiving, understanding, modeling, formulating hypotheses -observations capture a proportion of thinking, usually over short timespans;
(2) Participative observation, the observer is a member of the design team and acts in the observed process [5] -may be biased by the observer's participation; (3) A reconstructive, detective way of tracing past events and results by looking for clues in various places [6] -reconstructions never fully capture the original events, human memory is limited, and needs to be re-constituted for recall; (4) Speculative, reflective, philosophical generating of hypotheses, and testing; (5) Transfer between practical experience and the insights of knowledge; and (6) Development of not-for-profit products [7] . These paths must be co-ordinated to attain internal consistency and plausibility.
The purpose of Design Research is primarily to clarify design processes and their underlying theories. This includes designing in general, and particular forms of designing, e.g. design engineering, see figure 1. The underlying theories should provide the basis for deriving theory-based design methods to assist designers in solving their problems. We must also acknowledge the utility of pragmatic and 'industry best practice' methods, for which a theory-base is inadequate or lacking. Admittedly, the engineering and other sciences can provide some assistance, especially for heuristic 'what-if' investigations, and for analyzing expected behaviors. In addition, Design Research should explore where these assisting methods may be needed -routine vs. non-routine design situations, and the needs of management vs. practitioners [2] . 
BASIC CONSIDERATIONS
Design engineering and the more artistic forms of designing, industrial design, have much in common, with partly overlapping duties, but substantial differences, see figure 2 -the descriptions show a contrast of extremes, rather than all aspects of designing. If a product is intended to be visually attractive and user-friendly, its form (especially its observable shape) is important -a task for industrial designers, architects and other professions. Industrial design [9] [10][11] [12] , in the English interpretation, tends to be primary for consumer products and durables, emphasizes the artistic elements, appearance, ergonomics, marketing, customer appeal, satisfaction, and other observable properties of a product. This includes color, line, shape, form, pattern, texture, proportion, juxtaposition, emotional reactions [13] , etc., in the terminology adopted by Hubka (and modified by Eder [4] ), these are mainly observable properties of a tangible product. The task given to or chosen by industrial designers is usually specified only in rough terms. The mainly intuitive design process emphasizes 'creativity' and judgment, is used in a studio setting in architecture, typographic design, fine art, etc. Industrial designers can introduce new fashion trends in their products.
For industrial designers, 'conceptualizing' for a future tangible product consists of preliminary sketches of observable possibilities (even if somewhat abstract) -a direct entry into hardware (the constructional structure) and its representation. The sketches are progressively refined, and eventually 'rendered' (drawn and colored, and/or modeled by computer or in tangible materialsmaquettes) into visually assessable presentation material, full artistic views of the proposed artifact, to provide a 'final' presentation, for management approval. Considerations of engineering may take place. Industrial designers usually work 'outside inwards', defining the observable envelope, thus constraining the internal constituents and actions.
If a tangible product should work and fulfill a purpose by helping to perform a transformation process (e.g. mechanical, electrical, chemical, etc.), its functioning and operation are important -a task for engineering designers. Anticipating and analyzing this capability for operation is a role of the engineering sciences. Engineering intends to create what does not yet exist, that is likely to work. Engineering needs designers to be aware of a wide range of existing information and its complex interactions, and to consider and accommodate all relevant influences of scientific, technical, economic, societal, political and other areas to achieve a technically and economically successful and optimal product. The outcome of design engineering is a set of manufacturing instructions (detail and assembly drawings to scale, including tolerances and raw material specifications [14] -these, in more recent times, are likely to be computerresident) for each constructional part, including instructions for assembly, adjustment, testing, use, spare parts, etc., see figure 3. These were traditionally produced manually in a design/drawing office, using drafting machines. Computer 'seats' have more recently taken over some duties. In addition, documented analytical verification of anticipated performance in all life-cycle phases must be delivered, preferably by a qualified professional engineer. Design engineering is more constrained than industrial design, because (a) a design specification is usually prescribed by a customer or a marketing department, and is often the basis of a legally binding contract for delivery of a desired performance (a technical process), (b) the relevant engineering sciences must be applied, (c) societal norms and regulations (including laws) must be satisfied, and (d) risks and hazards must be controlled, the existing information must be respected. Design engineering has available a theory of technical systems [15] and its associated engineering design science [16] , which suggests several abstract models and representations of structures for transformation processes and technical systems that can be used as tools for establishing requirements, and for verbal, graphical, cognitive and conceptual modelling of novel or redesigned products (mathematical modelling is well established in the engineering sciences). This includes: (a) design specification -partly clarified also in [17] , (b) transformation process, TrfP, (c) technology, Tg, (d) TSfunction structure, FuStr -also adopted in [17] , (e) organ structure, OrgStr - [17] replaces this with 'physics', (f) constructional structure, CStr -the main emphasis of [17] -sub-divided into (f1) preliminary layout, (f2) definitive/dimensional layout, and (f3) detail, assembly, partslist, etc. These allow the engineering designers to generate a wider range of solution proposals at various levels of abstraction from which to select -one of the hallmarks of creativity. The reason for comparing Hubka and Pahl/Beitz [17] is that these are the most comprehensive methodologies to date, but Pahl/Beitz do not fully articulate their theory. Hubka's theories and methodology have been compared with several other approaches and design methods [18] .
Hubka's theory, and consequently design methodology, also includes consideration of tasks of a technical system, typical life cycle, its duty cycle (at rest, idling, full performance, overload, failure, etc.), classes of properties (and consequently classes of requirements [4] ), mode of action, development in time, and other items of interest for engineering design processes. The models of Hubka's theory are closely interconnected, and have been extended into considerations of engineering education [3] and management [3] [4], among others. The Hubka engineering design methodology allows and encourages creativity, serendipity, opportunism, spontaneity, and use of pragmatic and 'best practice' methods.
In fact, design engineering must consider a wide spectrum of information, and fit into the various cultural schemes applicable to different regions and countries, see figure 4 . This is one of the many challenges facing engineering. Conversely, design engineering influences many of the cultural, social, political and other environments. The process of implementing any technology (process or tangible object, old or new) almost invariably begins with design engineering.
Is a car an engineering product? The steering mechanism, the suspension, the motor and drive train, the instruments, and a whole range of other items internal to the car (and often hidden from view) are certainly engineering products, to which industrial-artistic designers can have little input. Mostly these items cannot normally Figure 4 Dimensions of Design Engineering in Technology and Society [3] be observable for the driver, passenger or by-stander, they are described by the mediating and elemental design properties of a technical system. Some of the intermediate products are OEM/COTS parts (engineering products) manufactured by other organizations, e.g. springs, starter motors, alternators, computers, etc. Even the interior of doors and other body parts (structural members, stiffeners, etc.) are much more engineering than artistic. The exterior of the body parts (including the inside of the passenger compartment) is certainly more industrialartistic, for instance the arrangement and appearance of the dashboard. Even the arrangement and division of individual body panels are engineered for manufacturability -an engineering responsibility. In fact, a car is definitely an engineering product -without the engineering you only have an essentially decorative monument. Without the industrial design, the appearance and appeal of the car may be unsatisfactory, reference the 'U.S. Army General Purpose Vehicle (GP)' of the 1940's, the original Jeep. Is this is a reason why the industrial designer often gets named, but the engineering designers are not ever mentioned, and credit for the engineering items is often given to 'science'? In contrast, an electrical power transformer (500 MVA, 110 kV) hardly needs industrial design. This comparison of artistic vs. engineering designers is, of course, extreme and exaggerated, the truth is somewhere in between, but it is based on the author's personal experience in industry and life -10 years in industry (1951) (1952) (1953) (1954) (1955) (1956) (1957) (1958) (1959) (1960) (1961) ) 'on the drawing board' for electrical power transformers and switchgear, vehicles for alpine forestry, and other non-consumer engineering products [1] .
APPLICATION OF COMPUTERS FOR ENGINEERING DESIGN
In the era known as B.C. (before computers), the process of design engineering (especially for industrial equipment) had an expected output in the form of detail drawings (e.g. figure 3 ) of all constructional parts prepared on translucent tracing paper (or cloth) to relevant national standards, including tolerances, surface finish, raw materials, etc., under consideration of likely manufacturing methods. In addition, assembly drawings, parts lists, assembly and adjustment instructions, usage instructions, repair instructions, etc., were prepared. Checking of these documents was always performed to ensure accuracy and completeness.
For a novel product (usage process, TrfP, and/or technical system, TS), a senior engineering designer (usually a University graduate) would conceptualize, produce sketch layouts, perform preliminary calculations of expected performance and capabilities, and produce a final layout to correct sizes. Technologists would then produce the detail drawings, and a check-assembly -in a drawing office equipped with drafting machines. Specialized checking personnel would perform the drawing check. For redesign, similar tasks needed to be completed, but with much less conceptualizing.
This was obvious at the time, but needs to be repeated for the current situation in which much of the previous information has been lost. Engineering designers can obviously still design without computers. Even when designing with computers, engineering designers often need to do some preparation work without computer assistance. Computers cannot design completely independently, generally computers are tools that can assist designing [19] . Some parts of designing may be automated. Computers help to solve problems, contribute to improvements in TrfP(s) and/or TS(s), optimize quality, improve and perfect the parameters of the design process, and record the results of designing -the addition of '(s)' signifies the 'subject', the product of interest that should be or has been designed.
Acceptance by industry of early 2-D and 3D-CAD applications (due to their limitations) caused a drastic change in detail-design procedures. CAD applications could not be used for layouts, most of them are still not suitable. Detail design of individual constructional parts tended to be allocated to different engineering designers on their 'own computer seat'. Coordination among these specialists became difficult, and many errors resulted. The latest versions of some CAD applications are starting to allow 'inheritance' of some properties from one constructional part to another, and automated check assembly, see figure 5 [3] [4] . 
SUPPORTING EVIDENCE
Evidence exists for the efficacy of the Pahl and Beitz [17] and VDI design methodologies, see Birkhofer [21] . Hubka's methodology is derived from his Theory of Technical Systems -Hubka strictly differentiated between the Theory of (existing) Technical Systems, and engineering design methodology for future transformation systems for which the process (not only manufacturing) and the technical system operator are to be designed (and from which appropriate methods, models and parts can be selected). This is confirmed by Klaus [22] [23] in cybernetics: 'both theory and method emerge from the phenomenon of the subject'. Either pragmatic practical experience, or a theory can be a basis for proposing a method -theory and method are not interchangeable. For instance, Pahl/Beitz [17] used experience, Hubka used a theoretical approach based on experience.
Hubka's methodology is demonstrated by the scope and variety of our case examples. Care should be exercised when reading these case examples, they were not intended to show a plausible optimal resulting proposed TS(s), and some of these cases are doubtful in that respect. The cases have nevertheless proved valuable (a) to validate, check for correctness, illustrate and document the theories, procedures, methods and models that can be used within systematic design engineering, and to show up deficiencies which were corrected in the theories, models and methods -especially relating to the different abstract structures of TS, or of properties; (b) to provide teaching examples of the recommended systematic procedure, especially for the conceptualizing phases of the design process, to demonstrate to students and other interested people that the systematic method can be made to work. The initials in brackets after the case title indicate the originator -(VH) = Vladimir Hubka, (MMA) = Mogens Myrup Andreasen, (WEE) = W. Ernst Eder, and (SH) = Stanislav Hosnedl.
The first case study, systematic according to the state of the theory and method at that time, appeared in [24] -a machine vice (VH). Hubka and Eder [25] included the second case study -a welding positioner (VH). The next three case examples, also systematic, were published in 1981 in German -a riveting fixture (VH), a milling jig (VH), and a powder-coating machine (MMA) -the first two were systematic, the third took an industrial-artistic design approach. Another set was published in 1983 in German -a P-V-T-experiment (WEE), a hand winding machine for tapes (VH), and a tea brewing machine (MMA) -again, the third took an industrial-artistic design approach. An English edition of case studies was finally published in [26] , after revisions requested by the publisher, and included the existing six case studies, plus two new items -a wave-powered bilge pump for small boats (MMA), and an oil drain valve (VH) -and again the bilge pump only loosely followed the systematic method.
Three further case studies were published in [3] -the tea machine revised to current systematic procedures showing enhanced engineering information (WEE); redesign of a water valve (WEE -first demonstration of systematic re-design); and an electro-static smoke gas dust precipitator, with rapper for dust removal (WEE) [27] . The most recent book in this sequence [4] contains three new case studies, a portable frame for static trapeze display demonstrations (WEE) [28] which was actually built and used, re-design of an automotive oil pump (WEE -second demonstration of re-design) [29] , and a hospital intensive care bed (SH) -the latter shows cooperation between industrial design and design engineering [30] , and is one of many projects operated in cooperation with Czech industry. Hosnedl has also introduced the Hubka theories and methods into industrial use. Two other cases have now been prepared for the International Conference DESIGN 2012 (WEE) [31] [32], both from the Caravan Stage Barge [33] which has been in operation in Canadian and U.S.A. coastal waters, and now in the Mediterranean, since 1995. Two case examples are also offered in this conference (WEE).
For engineering education, a consequence of the discussions in this paper is that students, as novices in engineering design, should be introduced to the Theory of Technical Systems [3] [4] [15] [16] in suitable stages throughout the (four-year undergraduate) curriculum, should be encouraged to study several worked case examples, and should practice the models and steps of the theory-based design methodology, preferably on projects close to engineering practice. In a 'capstone experience' such as a final-year project, they can then apply their intuition, trial-and-error procedures, and other methods, coordinated by systematic design methods, to the specific project to learn a more independent way of approaching projects, and still be aware of systematic project management, see figure 6.
CLOSURE
Depending on the nature of the (tangible or process) product, it is obvious that both engineering designers and artistic-industrial designers must in many cases work together. Their duties are partially overlapping. Nevertheless, engineering design is distinct from other forms of designing, and this needs to be acknowledged, especially for engineering education.
